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The operational frequency of the electronic components have been pushed 
forward consecutively to GHz range as the explosive updating and upgrading of the 
information technology as well as the corresponding electronic equipments. The 
trends of miniaturization, integration and high frequency of magnetic materials in 
electromagnetic devices become inevitable. It is urgently to improve their properties. 
The desirable magnetic materials should possess high saturation magnetization, high 
resistivity, low coercivity, high static permeability and large resonance frequency. 
Traditional Fe, Co, Ni based magnetic materials are provided with high saturation 
magnetization, but its low resistivity which can lead to strong eddy current loss under 
high frequency restricts the application. Similarly, the application of the ferrite 
magnetic films with high resistivity was also limited by their low saturation 
magnetization which makes them not able to maintain available permeability up to 
gigahertz region. Therefore, the soft magnetic materials which compose of high 
saturation magnetization based alloy and oxide with high resistivity have become the 
research hotspot. Among them, FeNi based soft magnetic materials not only have high 
saturation magnetization, the low coercivity can also be achieved in a wide range due 
to the opposite magnetostriction coefficient between Fe and Ni atoms. So its 
application in GHz range can be more practical and more research must be focus on 
them. 
The main contents and results of the paper were outlined as follows: 
(1) The [FeNi-O/HfO2]n soft magnetic multilayer thin films were fabricated by 
alternative magnetron sputtering without any external magnetic field. Firstly, the 
effects of FeNi-O magnetic layer thickness on the [FeNi-O/HfO2]n multilayer films 
were studied. Results showed that increasing in FeNi-O magnetic layer thickness 
would deteriorate the soft magnetic property with large coercivity. When the films 
were applied in GHz range, although the enhancement in saturation magnetization 














and the evident dispersion in anisotropy field would lead to the resonance frequency 
peak much wider. Therefore, films with large magnetic layer thickness were not 
desirable for high frequency application. 
(2) We fixed the FeNi-O magnetic layer thickness at 6 nm and then changed the 
HfO2 nonmagnetic layer thickness to investigate its influence on the films magnetic 
properties. HfO2 nonmagnetic layer did not have much effect on the films phase type 
and microstructure such as XRD patterns. So the coercivity can be remained at low 
level. Meanwhile, it can regulate the in-plane anisotropic field in a proper range by 
affecting the exchange coupling between the adjecent magnetic layer. Under GHz 
range, the initial permeability and resonance frequency are also regulated by HfO2 
nonmagnetic layer thickness. 
(3) We changed the oxygen flow ratio to investigate its influence on the films 
properties. When oxygen content exceeded a certain value, the FeNi magnetic phase 
would transform into FeNi-oxide. Below this level, the oxygen atoms stayed at 
interstitial void and boundary. They could help to improve the films resistivity by 
enhancing the scattering of the electrons. Meanwhile, the oxygen flow ratio could 
directly affect the films in-plane anisotropy field. The phenomenon was mainly due to 
the exchange coupling among the grains in each magnetic layer, then the high 
frequency properties could be regulated. 
Keywords: soft magnetic multilayer thin film; magnetron sputtering; in-plane 
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